Abstract. Deep intrauterine insemination in pigs allows sperm deposition only into one uterine horn, but bilateral fertilization of oocytes occurs. How the sperm reach the contralateral oviduct remains disputable. The aim of this experiment was to study possible transperitoneal and/or transuterine sperm migration ways. Follicle growth and ovulation were induced in 24 peripubertal gilts with eCG and hCG 72 h after eCG. Endoscopic intrauterine insemination (IUI) was performed 32 h after hCG with 20 ml of extended semen (60 × 10 6 spermatozoa) as follows: Group CONTROL (n=8) received IUI into the right horn, and the left horn served as non-treated control; Group LIGATURE (n=8) received IUI into the right horn, and the left horn was closed by endoscopic double ligature close to the bifurcation; Group INTRAPERITONEAL (IPI; n=8) received IUI into the right uterine horn, the left horn was closed by double ligature and semen was deposited intraperitoneally at the surface of the left ovary. Genital tracts were removed 65-66 h after hCG, the oviducts were flushed and ova (n=299) were analyzed for fertilization and cleavage. Furthermore, the accessory spermatozoa count/oocyte was graded as 0, without spermatozoa, 1, <5 spermatozoa, 2, 5-50 spermatozoa, 3, 50-100 spermatozoa and 4, >100 spermatozoa. The results indicate that low dose IUI into one horn provides a lower grade of accessory spermatozoa in the contra-lateral side (1.6 vs. 2.8). No spermatozoa were found in ova flushed from oviducts of the ligated uterine horn, even after intraperitoneal insemination (P<0.05), and no fertilization occurred, respectively. Our results clearly indicate that after low dose IUI into one uterine horn, spermatozoa reach the contralateral oviduct via transuterine migration.
(J. Reprod. Dev. 57: 342-345, 2011) eep intrauterine insemination with specially designed flexible catheters [1, 2] (currently available as DeepBlue ® Catheter; Minitüb, Germany) allows deposition of sperm only into one uterine horn. Nevertheless, bilateral fertilization of oocytes occurs. How the spermatozoa reach the contralateral oviduct remains disputable, as both transuterine and transperitoneal ways have been suggested [3, 4] .
Spermatozoa may reach the oviduct and fertilize oocytes after intraperitoneal insemination (IPI) [rev: 5] . So far, IPI has been applied with success for the treatment of infertility in humans [6] [7] [8] [9] and for insemination of laboratory animals [10] [11] [12] . In farm animals IPI has been limited to use in heifers and adult cows [13] [14] [15] , goats [16] , pigs [17] and sheep [18] , with different levels of success (pregnancy rates between 15 and 70%).
Until now, there has been no experimental evidence concerning transperitoneal sperm migration after deep intrauterine insemination in the pig. The aim of the present experiment was to study possible transperitoneal and/or transuterine sperm migration ways.
Materials and Methods

Animals and animal treatment
All procedures involving animal handling and treatment were approved by the Committee for Animal Use and Care of the Agricultural Ministerial Department of Mecklenburg-Vorpommern, Germany (approval: LVL-MV/TSD/7221.3-1.1-004/05).
Altogether 24 peripuberal German Landrace gilts at the age of 185 days and with a mean body weight of 105 ± 3 kg were used in the experiment. Estrus was synchronized by injections of 1500 IU equine chorionic gonadotropin (eCG; Pregmagon ® , IDT DessauTornau, Germany), and followed 72 h later by 500 IU of human chorionic gonadotropin (hCG, Ovogest ® , Intervet, Unterschleissheim, Germany).
Endoscopic deep intrauterine insemination (IUI) was performed 32 h after hCG with 20 ml of extended, fresh boar semen (60 × 10 6 spermatozoa; motility 80%; extender: AndroStar ® Plus, Minitüb, Tiefenbach, Germany) collected from three proven artificial insemination boars, as follows ( Fig. 1 ): Group CONTROL (n=8) received IUI into the right horn, and the left horn served as nontreated control; Group LIGATURE (n=8) received IUI into the right horn, and the left horn was closed by endoscopic double ligature close to the bifurcation; and Group INTRAPERITONEAL (IPI, n=8) received IUI into the right uterine horn, the left horn was closed by double ligature and 20 ml of semen were deposited intraperitoneally at the surface of the left ovary. Endoscopic IUI was performed as described previously [19] . Briefly, anesthetized gilts were fixed in a dorsal position, and a pneumoperitoneum with CO2 was automatically produced (Endo Tech, Munich, Germany). Thereafter, three trocar cannulas (Storz, Tuttlingen, Germany) were inserted into the abdomen for 0° optics (ETB, Berlin, Germany) and grasping forceps (ErgoLAP, Bowa-electronic, Gomaringen, Germany). All laparoscopic handling was observed on a video monitoring system (Endo Tech, München, Germany). The uterine horn was carefully fixed with atraumatic forceps, and the uterine wall was punctured approximately 10-15 cm caudal from the uterotubal junction (UTJ) with a trocar 2.5 mm in diameter. Under visual control, a 2.2-mm catheter (RÜSCH feeding tube, W. Rüsch AG, Kernen, Germany) connected to a 20 ml syringe was inserted through the trocar cannula about 3 cm into the uterine lumen, and 20 ml of semen were deposited in the lumen. Immediately before semen application, the contralateral uterine horn (groups LIGATURE and IPI) was endoscopically closed 2-3 cm lateral to the bifurcation by double ligature (nonresorbable suture, Surgicryl EP6, Henry Schein Vet GmbH, Hamburg, Germany) and endoscopic knots.
Oocyte evaluation
Genital tracts were removed 65-66 h after hCG by ovariohysterectomy. The number of ovulation points (corpora haemorrhagica) per ovary was counted [20] . Oviducts and about 4 cm of the adjacent uterine horn were trimmed free and flushed with Dulbecco's phosphate-buffered saline (DPBS; Lonza Walkersville, Walkersville MA, USA) supplemented with 0.3% BSA (Sigma, Taufkirchen, Germany). Ova were recovered from the flushing fluid, prepared for evaluation of accessory spermatozoa and analyzed for fertilization and cleavage. They were washed again in DPBS and then mounted between a slide and cover slip together with three drops of glycerol-DPBS-solution, containing 2.5 mg/ml of the DNA stain bisbenzimide (Hoechst 3342, B-1155, SigmaAldrich, Taufkirchen, Germany). The slides were kept for 4-6 weeks at 4 C in the dark until the oocytes, zygotes or embryos were further analyzed using an epifluorescence microscope (Jenalumar, Carl Zeiss Jena, Germany) under UV fluorescence at 410 nm and magnification at 500×.
The number of accessory spermatozoa per oocyte was counted and graded as 0, without spermatozoa, 1, <5 spermatozoa, 2, 5-50 spermatozoa, 3, 50-100 spermatozoa and 4, >100 spermatozoa.
Statistical analysis
Data were compared by Mann-Whitney rank sum test using the SigmaStat Software Package. Differences at P<0.05 were considered significant.
Results
Clinical data
Embryos were recovered from 42 oviducts of 21 gilts. Three gilts were not included in the evaluation due to nonovulation (n=1) and open double ligature (n=2). The results of ovulation and ova/ embryo recovery are presented in Table 1 . No differences were obtained between treatment groups regarding the number of ovulations and number of recovered ova and embryos, respectively.
Oocyte and accessory sperm evaluation
Fertilization and accessory spermatozoa were analyzed in altogether 299 recovered ova ( Table 2 ). The mean grade of the accessory spermatozoa (2.5 to 3.2) was similar in the ova flushed from oviducts after IUI, i.e., up to 100 spermatozoa were present per oocyte. The accessory sperm grade was slightly, but not significant, lower in the ova from the untreated contralateral oviduct of the CONTROL group. No spermatozoa were observed in the ova flushed from oviducts of the ligated uterine horns, even after intraperitoneal insemination (P<0.05).
There was no difference (P>0.05) among the CONTROL, LIG-ATURE and IPI groups after IUI with regard to fertilization and cleavage rates and development up to the 4-cell embryo stage. On the other hand, all oocytes recovered from the ligated uterine horn side of the LIGATURE and IPI groups were nonfertilized.
Discussion
Our results clearly indicate that in pigs after low dose IUI into one uterine horn, spermatozoa reach the contralateral oviduct via transuterine migration. We could not confirm the supposition that spermatozoa may reach the opposite oviduct by transperitoneal migration [4] . However, it was reported that spermatozoa may enter the peritoneal cavity via the oviduct and can be picked up by the contralateral oviduct [21] [22] [23] . Furthermore, oviducts can recover small particles from the peritoneal cavity and transport them to the uterus [24, 25] . Such findings prompted development of intraperitoneal insemination techniques [5] .
Except the study of Hunter [17] , there is no report on successful fertilization in pigs via transperitoneal sperm migration. To contrast the fertilization success (33% fertilized ova) of that study with no fertilization in our study, it is worthwhile to focus on sperm concentration. It has been documented [5] that a higher sperm concentration is coincident with increased conception rates in laboratory animals and sheep. In the pig study performed by Hunter [17] , the sperm concentration was 800-4500 × 10 6 , i.e., 13 to 75 times higher than in our experiment. We used concentrations that were low but efficient in deep intrauterine insemination [2, 19] . It is hardly imaginable that such a small amount of sperm cells would travel the distance to the contralateral oviduct via the peritoneal cavity. Furthermore, no fertilization was observed in the present study even when the sperm was deposited near the ovary at the surface of the bursa ovarica.
In the CONTROL group, fertilization of oocytes of the contralateral ovary shows clearly that spermatozoa migrate through the uterus. However, the oocytes of these contralateral ovaries revealed a lower grade of accessory spermatozoa (1.6 vs. 2.8), and the fertilization rate, cleavage and development to the 4-cell embryo were about 10% lower compared with the IUI side. These differences were not significant; however, the long migration of the spermatozoa from one uterine horn to the opposite horn (in gilts, such distance can reach up to 2 m) [26] may explain the lower accessory sperm number and later fertilization. Ligature of the uterine horn prevented transuterine sperm migration and did not promote transperitoneal sperm movement. Oocytes of the ligated side revealed neither accessory spermatozoa nor fertilization.
In conclusion, we provide experimental evidence that transuterine but not transperitoneal sperm migration does occur after (deep) intrauterine deposition of a low dose of semen in the pig. Values with different superscripts within a column are significantly different (P<0.05). 1) Per ova or embryo.
2) All ova with two pronuclei or syngamy with sperm tail and all subsequent embryo cleavage stages.
